We have demonstrated a rovibrational-state-selected photoionization experiment using an IR laser 
on state-selective photoionization of molecules. However, the UV-photoionization in these experiments was accomplished by the absorption of two UV photons involving a 1 + 1 resonance-enhanced photoionization mechanism. Due to the mediation of the intermediate electronically excited level, the nature of these IR-UV photoionization studies is different from that of an IR-VUV photoionization experiment. Furthermore, since a well-characterized, long-lived electronically excited state is required in the IR-UV photoionization process and such an excited state may not exist for the molecule of interest, the IR-UV photoionization scheme can only be applied to selected molecules. The fact that the IR-VUV photoionization scheme does not require an intermediate state makes it a general scheme, applicable to all polyatomic molecular species.
In this letter we report the demonstration of a rovibrational-state-selected photoionization experiment on acetylene (C 2 H 2 ) by employing the IR-VUV scheme. Neutral C 2 H 2 ( X 1 Σ g + ) has five vibrational modes, [7] [8] [9] ν (symmetric C-H stretching), ν (symmetric C-C stretching), ν (anti-symmetric C-H stretching), ν (degenerate symmetric bending), and ν (degenerate anti-symmetric bending). The degeneracy for the bending modes is removed in C H + (symmetric C-C stretching) ion frequency by ≈8% with respect to the ν frequency. Although the frequencies for the C-H stretching modes, ν 1 + (symmetric stretch) and ν 3 + (anti-symmetric stretch), are also slightly lowered compared to the corresponding neutral vibrational frequencies, 7-11 the removal of a π-bonding electron has only a minor effect on the C-H bond. Consistent with this expectation, the photoelectron spectrum for C H was found to exhibit the ν + mode is known to occur via autoionization. 13 We have performed an FCF calculation 2,14 for the photoionization transition C H 2 2
. This calculation is in qualitative accord with previous experimental observations, indicating no excitation of the C-H vibrational modes of the ion. The ν mode has σ symmetry and can readily be excited by an IR laser. The subsequent VUV-photoionization of C H ( The FCFs for all these combination bands are more than a factor of two lower than that for the ν 3 + mode.
Based on the continuity of oscillator strength density, we expect to observe strong autoionizing Rydberg states converging to the C 2 H 2
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and 2) states were observed in previous single-photon VUV-photoionization studies. 16 Since direct VUV-photoionization of the ground The experimental arrangement is similar to that described in detail in a recent report 17 on the VUV-IR (VUV-excitation followed by IR-photoionization) photoionization study of Ar. A highrepetition rate (3.7 kHz) IR optical parametric oscillator (OPO) 18 resonating in the idler wavelength (tunable range=2,000-7,400 cm -1 ) and the high-resolution VUV synchrotron source (tunable range=8-25 eV) at the Chemical Dynamics Beamline of the Advanced Light Source (ALS) 19 were used as the light sources. The major advantage of these light sources is their ease of tunability as well as their broad tunable photon energy ranges. The relatively long radiative lifetime of vibrationally excited species is also a favorable feature in the present two-color photoionization experiment. This feature alleviates the mismatch in repetition rates of the IR-OPO and the VUV-synchrotron source so that temporal synchronization is not critical.
Acetylene is introduced into the photoionization region as an effusive beam with an estimated peaks in the VUV region of 11.00-11.35 eV. Below 11.00 eV, the photoion intensity is at the noise level.
The photoion spectrum for C 2 H 2 + obtained from C 2 H 2 ( X 1 Σ g + , ν 3 =1, J′=10) is depicted in Fig. 1(b) . This spectrum has similar autoionizing features as those resolved in Fig. 1(a Knowing the IE 10,15 of C 2 H 2 and the IR energy for the P (9) 11, 20 for the neutral and ion. The ground electronic configuration for C H suggests the existence of four major Rydberg series nR, nR′, nR′′, and nR′′′. photoionization study 16 are less precise. Nevertheless, they are also lower than those converging to the ground state ion. These slight differences in δ-values reflect the effect due to the distortion of the ion core along the ν 2 + and ν 3 + coordinate with respect to the equilibrium geometry of the ion core. By employing the IR-VUV photoionization approach, it should be possible to perform systematic studies of the vibrational effect on quantum defects for autoionizing Rydberg series of polyatomic molecules.
A careful examination of the spectra of Fig. 1 (a) and 1(b) reveals that the autoionization resonances at 11.02 eV and at 11.11 eV exhibit discernable fine structures. An expanded view (Fig. 3 ) of the peak at 11.11 eV of Fig. 1 (b) reveals 4 peaks spaced ~2 meV apart. Assuming the ∆J=0, ± 1 autoionization selection rules, we have assigned three of these peaks to rotational features of the 8R
Rydberg state converging to the rotational levels N + = 9, 10, and 11 of the ν 3 + =1 ionic state. The extracted rotational constant of B + = 1.10 cm -1 is in excellent agreement with the literature value. 11 From the deconvoluted peak width (3 cm -1 ) for these rotational transitions, the lifetime for these rotational levels of the 8R Rydberg state is estimated to be ~1.8 ps. The latter value is in the same range as the lifetimes for the ungerade Rydberg states converging to the ν 2 + =1 state. 22 The remaining peak of Future VUV pulsed field ionization-photoelectron measurements of rovibrational-state-selected neutrals prepared by IR-excitation will provide valuable information on state-to-state photoionization dynamics. 
